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In fall of 1990, 5 pregnant cows with excessive dental wear were removed from a pastured cow-calf herd in central Iowa for supplemental feeding. One Hereford and 4 Angus x Hereford cows were moved to a paddock housing 1 Longhorn and 2 Simmental bulls. The 15-x 30-m dirt lot was exposed to the elements and equipped with a circular metal hay rack, wooden grain rack, and water tank. Late in February 1991, the previous hay supply was depleted and feeding of a foxtail (Setaria sp.)-orchardgrass (Dactylis glomerata) hay commenced. The 8 cattle received hay and water ad libitum and 40 kg/day of a corn-based grain supplement. Four days after changing hay sources, reduced grain intake and increased water consumption was observed. During the following days, the owner noticed erythematous muzzles and copious clear nasal and oral discharges. Conjunctiva and periocular tissues were reddened and edematous, with obvious ocular discomfort. Animals were frequently seen rubbing against objects in the paddock.
Three days later, the attending veterinarian confirmed the previous clinical signs, to some extent, in all 8 cows and bulls. In addition, the animals refused both grain and hay. Cattle were depressed, ataxic, and icteric. Epithelium on the muzzle was erythematous and fissured with serous exudate, later becoming a sloughing crusty black layer. Some voided urine observed was reddish-brown. Temperatures of the cattle physically examined were normal.
During the following 5-7 days, subsequent evaluations revealed the muzzle and nasal epithelium sloughed exposing granulation tissue. Periocular edema, lacrimation, and photophobia were common. A few animals developed moderate submandibular edema. Mild fissures and serous exudate developed along stress lines of sparsely coated and nonpigmented epithelium on the udder, teats, escutcheon, ears, and lateral dorsum. Conjunctival and vaginal icterus were common findings. The nasal and ocular discharges progressed to mucopurulent, and some cattle developed fevers (39.4-40.8 C).
Five days after the problem was noticed, one Angus x Hereford cow died. Besides the cutaneous lesions described above, the attending veterinarian reported that the liver was pale orange and friable, kidney, spleen, and lungs were congested, and adipose and mucous membranes were icteric.
Histologically, the liver contained moderate, diffuse centrolobular degeneration and necrosis characterized by enlarged, vacuolated hepatocytes with marked, diffuse canalicular bile retention (Figs. 1,2). Very mild, diffuse interlobular bile duct proliferation and marked bile stasis were present. Renal histopathology consisted of mild, diffuse glomerulonephritis. The glomerular tufts were thickened, and urinary spaces contained protein droplets. Epithelia of the convoluted tubules were swollen with protein-containing vacuoles, and the lumens were occasionally filled with neutrophils and cellular debris. Collecting tubules also contained similar inflammatory cells and material and were moderately dilated and filled with protein and granular casts.
Whole blood and serum from various cows physically examined were evaluated during the following 4 weeks. Complete blood count results (n = 6) ranged from normal to a mild inflammatory leukogram. Serum chemistry results (Table 1) suggest hepatocellular lesions as indicated by elevated aspartate aminotransferase (AST), although the creatine phosphokinase (CPK) suggests that a portion of the AST was from skeletal muscle. Biliary tract damage is implicated by the high gamma glutamyltransferase (GGT) and total bilirubin, with resulting elevated icterus index. Elevated creatinine and azotemia (Table 1) suggest a renal lesion, as does the bilirubinuria, proteinuria, and granular casts in urinalysis.
Hay samples collected were predominantly a foxtail-orchardgrass mixture cut from a field in the Conservation Reserve Program. Other mature weeds composed about 5% of the hay but were not identifiable. Because of a wet spring and summer, the field was not harvested until early September 1990. The hay was of good quality, although course because of the overmaturity of plants. Obvious mold growth was limited to whitish colonies on the bottoms of the round bales.
No bacterial or viral pathogens were isolated from the liver, kidney, spleen, or lung of the 1 dead cow. The shelled corn containing 3 ppm fumonisin B 1 and 1 ppm fumonisin B 2 . Otherwise, analyses of the shelled corn, supplement ration, and hay were negative for mycotoxins (aflatoxin, zearalenone, zearalenol, cyclopiazonic acid, griseofulvin, sterigmatocystin, O-methyl-sterigmatocystin, gliotoxin, sporidesmin, ochratoxin, and trichothecenes). Primary molds cultured from the hay samples were Aspergillus spp., Fusarium spp., and Penicillium spp.
Treatment included replacement of the grass hay with an alfalfa hay, antibiotic to combat secondary infections, and supportive therapy as required. Initial improvement in depression, lethargy, ataxia, icterus, anorexia, and weight loss occurred within 1 week. All surviving cattle recovered uneventfully during the following weeks.
A diagnosis of hepatogenous photosensitization was made based on the nature and progression of clinical signs, elevated serum enzymes indicating hepatobiliary damage, hepatic histopathology, and response to therapy. Because cattle had been maintained in the paddock during other seasons, current animals were acclimated to the facilities, and the problem began and resolved with the introduction and removal of the foxtail-orchardgrass hay, the new hay was circumstantially incriminated as the hepatotoxin source. Photosensitization describes the pathogenesis and clinical syndrome resulting from interaction of endogenous or exogenous photoactive chemicals, a specific wavelength of light, and cutaneous tissues. In veterinary medicine, classification of photosensitization by the compound origin and mechanism of accumulation as defined by Clare 7 is common. 10, 13 In primary photosensitization (Type l), the exogenous photoactive compound or metabolite accumulates in cutaneous tissue in sufficient concentration that exposure to ultraviolet light results in a photochemical reaction. Aberrant metabolism of endogenous pigments, such as phorphyrins, may produce phototoxicants (Type 2). Hepatogenous phototoxicity (Type 3) results when decreased hepatic functional mass causes secondary accumulation of photoactive porphyrin catabolites that are normally excreted in the bile. Photosensitization cases of uncertain etiology are classed as Type 4.
Hepatogenous photosensitization (HPS) is the most common form in veterinary medicine, especially in ruminant livestock. 7, 13 Phylloerythrin, a catabolic product of chlorophyll produced by rumen microbes, is generally believed to be the major photoactive compound in HPS 7 although other unknown factors maybe involved. 6 Normally absorbed from the digestive tract and rapidly excreted in the bile, phylloerythrin systemically accumulates to potentially phototoxic levels if a hepatotoxin causes sufficient hepatocellular or biliary damage.
Despite the various causes, the clinical signs of the resulting photosensitization are similar. 1,5,6,8.10,12,13,17 Cutaneous lesions cited for cattle include erythema, edema, fissuring, exudation, crust formation, alopecia, hypersalivation, skin necrosis and sloughing, secondary infection, and granulation. These changes are typically limited to nonpigmented sparsely coated or exposed skin, although in severe cases mild lesions occur in pigmented areas. 10 Ocular pathology includes lacrimation, photophobia, periocular and corneal edema, keratitis, and blindness. Anorexia, depression, recumbency, pruritus, and light avoidance are common behavioral changes. Death may occur. Generalized icterus is common with HPS, and discolored urine has been reported. 8, 12, 13 The clinical signs observed in the present case were compatible with those previously described.
Besides the cutaneous changes, gross internal lesions cited in plant-induced HPS cases of cattle are limited to descriptions of icterus and hepatobiliary pathology. [11] [12] [13] Histologically, the lesions are typically cholangitis and pericholangitis characterized by interlobular bile duct proliferation and obstruction, periportal fibrosis, and bile stasis. 1, 6, [11] [12] [13] [14] Hepatic parenchymal lesions are generally not described, except in severe cases, and then are limited to periportal regions. 11 In the present case, liver sections from the 1 dead cow contained diffuse parenchymal damage and canalicular bile stasis as the predominate hepatic lesion (Figs. 1, 2) . Portal triad changes, bile duct proliferation, and fibrosis were very mild, although lesions in the parenchyma and bile ducts. With Panicum coloratum, a direct hepatocellular toxicity and crystal-associated biliary obstruction mechanism is proposed, 2 although acute cases consist primarily of parenchymal damage. Glenn et al. 11 demonstrated that intensity and duration of clinical photosensitization in cattle are reflected in the severity and extent of the hepatic histopathology. The cow in the current report died 5 days after the outbreak onset.
Renal lesions, either histologic or clinical pathologic, are not generally reported in plant-associated HPS cases in cattle , 1,6,10-13 although reports of discolored urine exist. 12, 13 In a report of HPS caused by water-damaged alfalfa hay, 14 serum profiles from a cow indicate azotemia and elevated creatinine, although renal histopathology was not available. Urinalysis revealed hematuria, bilirubinuria, and urobilinogen, all of which are chromogenic. Kidder et a1. 12 speculated that the reddish-brown urine present in Bermudagrass-induced HPS may be due to phylloerythrinuria. Renal lesions are found in grazing-induced HPS of sheep. 2, 4, 7 Experimental cases of Lantana camara toxicosis in sheep produced renal tubular degeneration and necrosis; 15, 16 cattle are probably equally susceptible. 15 Abnormal histologic and clinical pathologic results indicated renal damage in the cattle that consumed foxtail-orchardgrass hay; although the nature, extent, and chronicity of the changes were different from the noninflammatory, degenerative tubular lesions reported in sheep 2,4 and could have been compatible with an ascending urinary tract infection. Serum profiles and urinalysis were similar to those reported for water-damaged alfalfa hay-associated HPS in cattle, 14 except for the granular casts.
Occasionally, common feedstuffs, including alfalfa hay, 10,13,14 winter wheat straw 1 or pasture, 5 Bermudagrass pasture, 3, 8, 12 various clover or grass-lover pastures, 3, 6, 8, 9 crabgrass pasture, 3 oat stubble, 3 and annual grass and weed pasture, 17 are associated with production of photosensitization in cattle. Most often, the hepatotoxic or photodynamic compounds and factors leading to their production are not known. Difficulties in experimentally reproducing the syndromes have hampered elucidation.
Abnormal climatic conditions altering the feedstuffs are often cited in photosensitization reports. Increased precipitation as flooding or rainfall, especially after a dry period 5, 8, 17 or in combination with elevated temperature, 5, 6, 9, 17 is a common factor. 10, 11, 13, 14 Stressed, damaged, or decaying plant material may be a factor in some cases. Kidder et a1. 12 reported HPS in cattle grazing regrowth of frost-killed Bermudagrass; Bumside and Gibbson 8,9 also described problems with forage regrowth through decaying plant matter. Abnormal amounts of moisture, warm temperatures, and suitable substrates are often cited as implicating factors for fungal growth and subsequent production or induction of undetermined hepatotoxins or phototoxic compounds. 1, 6, 8, 9, 12 bile stasis in the interlobular bile ducts was marked.
Most published works on Lantana camara hepatotoxicosis In the present case, the hay was cut from Conservation Reserve Program acreage after a wet spring and early summer are with sheep, but Seawright 15, 16 indicated that the hepatothat left standing water on parts of the field and prevented cellular and cholestatic lesions are similar in cattle. Lantanaharvesting until September. This followed a 2-year drought induced hepatic parenchymal lesions are predominantly in Iowa. The old growth and potential decaying plant matter periportal in distribution. 15, 16 Cases of HPS in sheep due to from previous and current seasons with surplus precipitation grazing Panicum spp. 2, 4 have reported hepatic histopathology followed by warmer weather is a scenario compatible with those reported above. But, as with some similar photosensitization cases in cattle, the feedstuffs were not overtly moldy and the etiologies and definitive variables remain uncertain. 5, 6, 13, 14 
